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SPACEWAyTM Builds on Existing
Hughes Technologies

HUGHES
COMMUNICATIONS
_1ij _

• SPACEWAYTM system uses core Hughes technologies:

- Proven, reliable HS-601 satellite design

- On-board digital signal processing

- Ka-band electronics (MMICs, TWTAs, etc.)

- Millimeter wave crosslinks

.~. DIRECTVTM and VSAT network experience

• Basic technology improvements are in-place to efficiently meet
SPACEWAYTM needs:

- Low power ASIC devices

- High performance MMICs

- Millimeter wave LNA and power devices

- Compact packaging of digital and RF electronics
_______·~2
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SPACEWAyTM Summary

Evolutionary extension of Hughes core
competencies

HUGHES

Affordable on-ramp to information superhighway

• Bandwidth on demand with universal access

Market driven regional system with worldwide
connectivity
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SPACEWAYTM System Summary

ABSTRACT

By the end of this decade, Hughes' SPACEWAYTM network will provide the first
interactive "bandwidth on demand" communication services for a variety of
applications. High quality digital voice, interactive video, global access to multimedia
databases, and transborder workgroup computing will make SPACEWAYTM an
essential component of the computer-based workplace of the 21 st century. With
relatively few satellites to construct, insure. and launch -- pius extensive use of cost
effective, tightly focused spot beams on the world's most populated areas -- the high
capacity SPACEWAYTM system can pass its significant cost savings onto its customers.
The SPACEWAYTM network is different from other proposed global networks in that its
geostationary orbit location makes it a truly market driven system: each satellite will
make available extensive telecom services to hundreds of millions of people within the
continuous view of that satellite. providing immediate capacity within a specific region
of the world.

Introduction

This paper presents a summary description of SPACEWAYTM, a global network of
Ka band satellites being developed by Hughes Communications, Inc., to provide
worldwide telecommunication services. The SPACEWAYTM network will utilize
state-of-the-art technology to introduce a broad range of innovative and affordable
satellite services on a global basis to consumer and commercial end-users. The
outline of principal topics addressed in this paper IS as follows:

1. System concept
2. Space segment characteristics
3. Ground segment characteristics
4. Link performance objectives and power budgets

1. System Concept

The SPACEWAYTM system1 is a network of regional systems that will utilize
satellites in the geostationary satellite orbit (GSO) to provide cost-effective, two-way
voice, medium- and high-speed data, image, video and video telephony
communications service to both business and individual users. Direct access to the
satellites will be available on demand throughout the world via inexpensive ultra small
aperture terminals (USATs). SPACEWAYTM is a high capacity, high quality, yet very
versatile system. Figure 1 provides a summary of the performance available with each
satellite. A two satellite regional configuration would therefore enable over 230,000
simultaneous telephone calls at 16 Kbps. The all digital 16 Kbps circuits utilized for
telephony will ensure consistent high quality voice channels.

1Application filed by Hughes Communications Galaxy, Inc. with the Federal
Communications Commission on 26 July 1994
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The high capacity of each SPACEWAYTM satellite IS focused through the spot
beams on the populated areas of the world thereby creating a significant cost
advantage in the delivery of its telecom services. The flexibility of applications
available through SPACEWAYTM is achieved through its broad range of data rates and

IS Illustrated In Fiqure 1A

Simultaneous 230,400 23.040 11.520 2.880 2.304
simplex
channels

Capacity per satellite
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128 384 1,544 2,04816
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USAT
Size: 66 cm to 2 m
Uplink power: O.lw to 2.0 w
Uplink frequency: 27.5 • 30.0 GHz (Agile)
Uplink data rate: 16 to 1544 Kbps
Multi Mbps with optional terminal

Kbps

Satellite
Type: HS601
lifetime: 15 yrs
Dry weight: 3.785 Ibs
Eclipse capacity: 1000;.
Bandwidth: 500 MHz
Number of communication beams: 48
Communication beam bandwidth: 125 MHz
BER performance: 1 x 10-'0
Transmitter redundancy: 64 for 48
Modulation: QPSK
Data stream: FDMlTDMA Uplink

TOM Downlink
Data Ihroughput: 4.6 Gbps
Downlink data rate: 92 Mbps
Downlink EIRP: 60 (dBw) Peak: 55 Edge
Inter satellite links: 60 GHz; 1 Gbps

SPACEWAYTM
Performance Summary

SPACEWAY Enables a Wide Range of Applications
7 December 1994 __
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The SPACEWAYTM network is different from other proposed global networks in
that Its geostationary orbit location makes it a truly market driven system: each satellite
will make available extensive telecom services to hundreds of millions of people within
the continuous view of that satellite, providing immediate capacity within a specific
region of the world. SPACEWAYTM will be implemented in a phased, regional
approach beginning in 1998. expanding into a network of four interconnected regional
systems: (i) North America. (ii) Asia Pacific (iii) Central/South Amp-nca, and (iv)
Europe/Africa. The SPACEWAYTM network will provide in each of these regions the
same low-cost. ubiquitous communications services at data rates up to multiple
megabits per second. while also providing worldwide connectivity.

In developing countries. SPACEWAYTM will offer essential domestic and
InternatIonal telephone and facsimile services that will be seamlessly integrated into
the public switched telephone network ("PSTN") The system will offer domestic
service. intra-regional service (e.g., Japan to Korea), and global international service
(e.g., United States to Japanl. SPACEWAYTM Will offer high bandwidth services for a
variety of consumer and business applications. both for countries with existing telecom
Infrastructures and those with emerging needs for advanced services.

Figure 2 depicts the phased regional implementation of the SPACEWAYTM
network. The first satellites In the SPACEWAYTM network will be operational in 1998.
Each regional system will Include two satellites. Our system plan accommodates the
growth for up to four satellites per region. By the year 2000, the SPACEWAYTM
network will provide global coverage and offer connectivity among all the regions of
the world through the use of intersatellite links and satellite beams. For these reasons,
Hughes beheves that the SPACEWAYTM network will become an essential element in
the establishment of the Global Information Infrastructure (GIl) by the turn of the
century
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This innovative all-digital network will utilize state-of-the-art advances in satellite
technology to provide full duplex interactive communications throughout the world. In
addition to use of both narrow and wide area spot beams, its features include
on-board signal processing, on-board switching, small, easily installed ground
terminals, and digital transmissions at a variety of bit rates. Through a unique
arrangement of intersatellite links (ISLs), SPACEWAYTM will create the first truly
interconnected worldwide wideband network.

A key component of the system architecture is the Ka-band spot beam network.
This technology will allow the use of extremely small end user terminals
(approximately 66 cm) and provide a high degree of spectrum efficiency. Each spot
beam nominally will use 125 MHz of bandwidth. Narrow spot beams (about 1°) with a
footprint approximately 650 km .. in diameter will cover most of the populated world land
mass. In certain regions of low population density, wide spot beams (30) will be used
to cover areas about 1950 km. in diameter. The satellite design will permit reuse of
frequencies up to twelve times. Thus, the 500 MHz of spectrum utilized by each
satellite will result in an effective 6 GHz of useful bandwidth per satellite.

The system allows symmetric and asymmetric data communications at
transmission rates from 16 Kbps to 1.544 Mbps, depending upon user requirements
with the standard 66 cm terminal. Multi megabit per second applications can be
accommodated with the SPACEWAYTM optional broadband terminal.

Each satellite will utilize a state-of-the-art on board switch/processor to provide
individual end users with immediate access to the space segment. and to route
transmissions within and between appropriate destination spot beams, as well as to
interconnect with other satellites in the network. This "on demand" satellite service will
be priced competitive. With many basic terrestrial telephone services especially in
remote and underdeveloped areas. where basic telephone services are neither
economically feasible nor available. In addition, the use of off-the-shelf digital video
compression equipment or optional codecs bUilt into the earth terminals will allow end
users to utilize a high quality, two-way interactive video telephony service. Availability
of such teleconferencing facilities at low cost should help lesser-developed countries
to improve the delivery of vital services such as health care and education.

SPACEWAYTM will offer a dramatic advancement in the functionality and
affordability of business networks relative to today's VSAT capability. For businesses,
the SPACEWAYTM USAT both advances the state-of-the-art in VSAT networking, and
brings satellite technology to the economic threshold of a greater universe of
customers. SPACEWAYTM USATs offer complete mesh connectivity without the need
for expensive hubs: in essence a "hubless" network. Thus, through low cost USATs,
smaller businesses -- for whom today's VSATs are unaffordable - can take advantage
of satellite networking without requiring a large number of sites to amortize hub costs.

4
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SPACEWAYTM overcomes this limitation by providing worldwide coverage and global
connectivity at Ka band. Furthermore, there are many areas ot the world without
access to Ka band satellite capacity that is currently needed to support VSATS.

SPACEWAYTM will accommodate most conventional VSAT applications,
including retail point-ot-sale transaction processing, on-line reservations and
inventory/pricing information updates. In addition, SPACEWAYTM will offer a variety of
wideband services including video telephony and conferencing (allowing multiple
meeting sites and interconnection with terrestrial videoconferencing equipment and
services), telecommuting (home computer to office LAN connection), medical and
technical tele-imaging and CAD/CAM data and image transmission.

With its small size and low cost, the SPACEWAYTM USAT will make the benefits
of satellite communications readily accessible to consumers. It is anticipated that
consumers will use SPACEWAYTM for basic telephony and data communications,
personal vidotelephony and high speed personal computer access to on-line services
(such as Compuserve and Prodigy), as well as two-way interactive access to the wide
array of multimedia information and entertainment services currently being developed
for the "information superhighway" of tomorrow The system will permit the advanced
telecommunications and media industries to reach an even wider audience through a
globally interconnected wideband network.

The SPACEWAYTM network represents a giant stride forward tor the transmission
of data. The incorporation of on-board satellite switching/processing, multi-spot beam
coverage, and advanced ground terminal semiconductor technology, will allow small,
inexpensive end user terminals. immediate and on-demand access to space segment
and very fast data transmission. For many applications, such as sending medical
images (x-rays) to and from remote clinics. short transmission time is critical. The
SPACEWAYTM network can dramatically reduce the retransmission time of important
data by providing transmission at rates more than 150 times faster than conventional
telephone lines. The following chart displays this relationship between time,
Information content and bandwidth.

IMAGE INFORMATION ORDINARY SPACEWAYTM SPACEWAYTM

CONTENT PHONE LINE 384 Kbps 1.5 MBPS
(T1 )

Digitized 1.0 megabit 1.7 min. 2.6 sec 0.7 sec

Photo

CAD/CAM 2.0 megabits 3.4 min. 5.2 sec 1.4 sec

CT Scan 5.2 megabits 9.0 min. 13.5 sec 3.4 sec

X-Ray 12.0 megabits 21.0 min. 31.3 sec 7.8 sec

5
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In sum, the on-demand high-speed data transmission capability of the
SPACEWAYTM network will facilitate an array of applications. In addition to those
described above. many other could be made available through third-party service
providers.

The SPACEWAYTM network will provide interconnected. bandwidth on demand
services to virtually every populated area of the world. In this regard. the service area
of the SPACEWAYTM network is similar to that of many of the low earth orbit ("LEO")
satellite systems that have been proposed. The SPACEWAYTM network is different
from these LEO systems in two significant respects: it is more spectrally efficient and it
will not forestall the development of other geostationary satellite systems using the Ka
band at other orbital locations. It is a geostationary satellite system that operates from
a total of six orbital locations and complies with the United States Federal
Communications Commission's 2° spacing policies. Thus, it is anticipated that it will
be compatible with any other Ka band FSS system that may operate at any other
geostationary orbital location that is at least 2C away. Assuming uniform 2° spacing
around the world, making 180 orbital slots available, the 2.5 GHz that has been
proposed for SPACEWAYTM could be reused to effectively provide 435 GHz of Ka
band spectrum for other satellite services. No LEO system that has been proposed to
date has offered this type of an opportunity for frequency reuse. In sum, unlike LEO
satellite systems that have been proposed at Ka band, the SPACEWAYTM network
supports the entry of multiple service providers at all or part of the 2.5 GHz that is
available at Ka band.

2. Space Segment Characteristics

The deployment of the multibeam satellites at geostationary orbit will be
accomplished on a phased regional implementation and is illustrated in Figure 1. The
proposed assignment of frequencies and polarizations to satellite beams, the
geographic coverage provided by these beams and a description of the other satellite
parameters are given below

2.1 Freguency and Polarization Assignments

The SPACEWAYTM global network will utilize the 17.7 to 20.2 GHz portion of the
Ka band for space-to-Earth (downlink) transmissions, and the 27.5 through 30.0 GHz
portion of the Ka band for Earth-to-space (uplink) transmissions. This spectrum has
been allocated on a worldwide basis for the Fixed-Satellite Service ("FSS").

The overall frequency plan for each of the seventeen satellites in the

SPACEWAYTM network is presented in Figures 3. 4. and 5.

6



A "'!IDE RANGE
OF AFFORDABLE APPLICATIONS

Infrastructure Enhancement
1!1 mllst den:]oping collntnt~~ maKing hasic te[ephol1\

:l\ailabl\' to all citizem I' :( lutiilnal prlorit\ !JCl\\e\c!

('\en thl 1110st ac!\anced It!'rt'''t''lal ,,\stem i" chal

\enged tl) provide sen icc ill rt'g:I)IlS \\lth low popilia

t!OIl delhit\: poor eCOn(llllit'" 1)1' dillicu!t topograph\

~PACE\\\Y techno[og\ l'all 1't1adil\ d\t'rcoml' these

COllstrai Ilts The s~stell1 offers tt'lepholll and fac"!171 lit

senices that can significanth l'\tend the teleCO!lllllll

illcttiollS infrastructure III dl''.(,lo['lI1g ('IHilltr1l~S

High Quali(v Telephony. The s\stems all digitallb Kbp~

IICI' t!i:/IlJ1eh IJlc[)q10rate echo cal1cellation til t'lblll't '

\llICe quallt\ l10ticeabh hetter 'h~lll the mobile

1"l'iTi:I!I\I,' :It ~ Kb!1'

Rapid Deplo..yment. Because the ~\\1t'm 1\ 'atellite-based,

t ';111 ll'livl'r rapid Il1frastructure deplm mel1t regardb~ of

"1\1111:111 ' l!1 dell'll\, I'CI)nOIl1IC conditiolb Ilr difficult topograp!1\,

Veu' (;eneration of VSATs. ImprlJ\t:ll fllllC11ol1aJitv :ll1d

'! <tplul :llld lil1l'1';11111~ costs \\ illelJ:lbll' 111 1 hNI,e,,,,,,

',I '11'1' ri)!l IcLi II CI)nllect multiple loCallll!1' hll' tr:ll1\:ldil)!l~

"I'll a, retail poill! lit-sale and ill\i'nt, I (Jllt!,lil

Interactive Multimedia
\',f)\IF\\~Y ,)ffers hroadband scnIU~~ for :.1 \aru.'t\ Ill'
!1I[1\IIII1t'1' and business application\, for tIW\(1 \\1\11

!::I\ (' I "llergll1g needs f()r advanced SI.'I'\IC\:\ hut hale

1]( I all"'S~ tu l('rr(':-.lf'1al high data r:llt' llllt'~

Computer Networking. Orgal1l/atlolh call unite opera

tiOll'C Illultlple Illcltions b\ jOining tiki!' remote L\i\s Illto a

\lm~il illgh\peed networK through SP,\CEWAY

\ (, ,'\:lll: pi,'

mUll ICW, II h

111)\\.II'U;111 \\11

Infrastructure

would be sen ed

!:'T'r: i fh placllJg all STC ill a [O\\JI 11', Ii' :U;l

Tele-Imaging. Plnslcl:lllS can use thi' s\\h!l1 til tranSllllt

11I~'l- "t'solution 111l:lC;!'~ \-ra\s). allowil1g 'I't<:I:I!t'h to inter

,td,,, ! I! palil'nh :tt d"t:lllt locations

:lpprllaciJ \\ ill I

immediateh make or receive \11IC':' Itko data aud b\ ":1'1

missions to and from anvwherl' 1 the wor!ll

Affordable Telephony. SP\(T\\\Y prom(l's aft(lrttabie

teleplwl1\ al1d data communicatJOlh to assist eCOllOl1JlC :Ind

ll1dustrial development. l'nhke mobil! '('ll'phol1\ \Vstefll'

"P\CE\X\Y uses long-life, higlh':q' \1'1\ ,'I'I),tali'I!1:lr' '1,1 I"

111\\\'I)st,,\'l'\ll'e ClIl1lpdlli\t 'll 'W, ,,,11) d"Jllt'SIIC

al1d Il1tl'!'1l:lt!olul tl'rrestn:11 Ill"\\ \IL~ \, '.'.I'I\. 'hI'

11(' ! II III ~II tlll1l'~ !lIlvr .



HUGHES
U \\l;vll:\!( ."cIIU:\"-

A REVOLUTION

INC 0 M M U N I C AT ION S

~P\CE\\\Y I:. a wireil':.' \',prl':.:.\\:l\ that \\ ill!)r()\i\!l hlJ'llleSSes and cOllsumers around the world with

:lffmdahle access to a Ul'it't\ :i! Illti.1':lcti\(' 111gb 'plld :md 111gb-qualm broadband telecomJ11unications
,enices ~PACE\\,-\Y utili/I'" :1~ll)I):ii ,,\stell1 of gI'l I>Lltll)j i:lI", ,atelliks that will allow users til tralbll1it alld

receivl' \OlCt', m!eo, audi!) alH! data hUlldmb ot '1111\" r:l>ttT r!J:Ul cl)ll\l'nrional telephone lille), \ccess to the

>\stem IS e;lS\ and illstanLU1l'(liIS tlwlllgh lise ()j :l[O\\ -\'(1\1 lSi .IHIO), t\\o-\\a\ 2()-inch antenna, SP\CE\\AY

\vill offer husiness [bel'S :1 Aide \:trIet\ of appllCalJ')llS IlJcludlng desktop \ideo telephon\ and conferencing,

COll1jlukr Iltt\\orkilli-', tl\11111\:1I kit ll1agJllg (\1) ( \ \1 'rallS\1l1Ssioll alld high-speed, low-cost access to

the Ile\l generation of Oil IiI1\' !lllilt!llH'dia data IXI"I":tr :11,,11'0111 lh Khp> tl\ 2 \lhps alld hIgher. if desired,

The SP\CEWAY S\stem \\ill 111:1\ 1\\1) ke\ roles \\ Ih'l1 >\,nl\I' IWl:IIlS Jl1 It)qs. The first is II1frastructure. \ . _. ','

'~Ilhancement: to pro\ide hasil, telepholl\ to ulldl'rSel'\eU lrl~as ill' tlw \\orld, and to allow these areas regional
:UJd global telecoJ11 acces,I'iJ,' ,('cIlIld is I11teral'tl\C l111iltlt1lcdl:l to prmidc advanced cOllllllunication) to
the glohalll1arketplacl' \\hen 'llll.;t' quantities II! :ll!IJrm,nnll PlllSt he accL:ssed and shared ('Iectronicall\:

REGIONAL FOCUS ...

\NORLD\NIDE CONNECTIVITY

North America: ill! \\1. ,\ ')l) \\ I

,1'\1,1:\\ \1 1':1 J'I\I'd ,\:IIlllill' '·',Ii . +\' If I ~1'''':l'I'''',lf ':IJ'!:I IIrhJl II:;):(), (1111'1':11111" IlIlhl' !\:I-halti'!1t'1 Irl\I'\CE\\\)

\\lli ,'1111\"1 iii '(IW il1[U(II!"lr'C't'd 1",'1'" ',I'cII'" \,<"Ilh rl,ldl!I~~ '1'1' \' " 1':lr!', :111 :il',I"I'ld, ;lll!'lllalilill 1'11, 'Iri' 1\'21"1':11 ,,-,tUli 1\111

!llkr '1'}'\ll,'lll1 1<1'11', \11'11' !'!' ',')'11111- I)' 'II, 'l'III,I'\I}\\ II 111:llld,,' h:lIll!l\!dth ,,'11"11:111'" :iL :lhilitl '"

I.... j r:! <I: .: ~ 1\ II! I I,II 1'-

,\ \



lnteracth'e Distance learning. [sers call establish low -cost. tl\IHVa\
l'dllcttioll and training progr:iI'l' 'Iur fJ"lllg together ;tw!el11s at lllultIple 'Ites and
Ii'tr:lctors who are miles al\:(I

Digital libraries. :; IW:F\\,\Ypr l 'vllb rapId access to oil-line multimedia
111 tormatlll1l

Telecommuting. Th!.: m!l'nl~ high -speed, interactive data transfer capacity
makes rapId Illtellertllall'xciung i: between office and home effective and easy

Videoconferencing. SP~(T\\AY delivers high-speed ISDr\-tvpe communications
for desktop videoconferellcing httwel'l1 office locations.

EASY ACCESS
SEAMLESS CONNECTIVITY

SIl\CEWAY end-users will access the sYstem \~'ith an inexpensive 'Itra Small Aperture Terminal (l!SAT) ,

ltilizing a ~6-inch diameter dish or antenna. Costing less th~Ul SI 000, this term mal is easy to install and

\\ill be available through cOillmercul outlets and consumer 1,lec)"(1111C' retailers, [ISATs

Illcorporate complete digital electron ICs tint can Il1terbCl' \\1 th :1 ,\!lie variety of end -llser

equipment)uch as telephone, f:!CS1I11ik, persona] computer :l1ld

VIdeo, The ,ystem is full\ L'ompatibk ·,\\tI1 a wide range ,11

Ll~rrestrlal transmission standards such as\TM. ISDN, Franlt'

HeLtv and X,2~. The SPACE\\AY IISAT represents the next .~el1eralif)11

III satellite communications technologr and provides bandWidth

I!'-,kllund. hllbless full-mesh nl't\\(lrkim;:l wide rang,., r\fdata rlte~

and j ul \ terre"trial compati blli t \

HUNDREDS OF TIMES FASTER

:;PAt:E\\:\r transmits and receives hundreds of times faster Ihan lilvl:nt\lll1al telephone lines. An ()pti()nal hmad

hand llplinK terminal will support applications requirim; up til Jl megabits per second,

C\Di(;"\M

X-RaY

Digital Lihrarv

2 aliB••••
IZ __

Washington Post
Sunday Edition

'1"";,;

s.lr••

"'''£111
28.0 Minutes

2:6....

5.J,'......

31.5,.....

41.6 Seconds

0.7 Seconds

1.4 Seconds

1:84=!



REM ARK A E3 LEV E R 5 AT I LIT Y.
SA N DVVI DTH - 0 N - DE MAN D

lsing SPACEWAY Optional
Broadband lplink Terminal

Bu!k tf:1I1Wllf'

:li ,electahle dau faIl's. 1~:LsiillllaIl'hed In their sped!\ application.

;\1 Tlilll'Iioll:lllll at attlmbhle Clbts

HIGH
HIGH

PERFORMANCE
CAPACITY

in 1'1 ~ IHi' \Ihp'
!('I (I: (i ~

1,1) (Ill til ~ III

l) I\\ .() _~ i \ \\,

Ultra Small Aperture Terminal (USAT)
:;ize
tpllllk PIl\\ef

:;tandard Tefllllllal
l.pllllK Ilata kates
DOWlll1ll I, liata l<ates

(Jplillnal I plink TeflllJn:tl
pi 1II k P:tta J<ates

Capacity Per Satellite

~

['11\1 [11I\\nllIlk

I~:; ~IHI

I \ Iii
!HillfJ,'i

1)1'\1\

111\1 '1'11\\\ I

," I :hp:

'1~ \lil!"
1,11111[\.,\ I I'eak
ill) IliL

Ilf

'T'1;'1'.i;!!]I,..:tL 1tll..... Healn, -1:<'

iN111[

[dl1l,' [~ \1'.IJ\

1:"\ \\.1;~:1l ~ --.;:':: 11'I,illl1"

.'lllS,I,lp:td\ [1111",

,.ii,J.'.!c'II, :;1111 \\11

Satellites

')'lIlllIlIlIiClIllIJl.S
!\1':lmlhnd\\ldth
:11:1, !'ert(mllal1(e
li:ll1\ll\1ttef I'edllndanl\
\1, ,1'1111:111011

I:lt:l ~,r('"alll

ii,! Thfllil~hplil

II "'1[1111, Ii:lta I<atl'
ill}\ ~1;;1lj\ :']l\P

\:(,dIU, ,'Ilk,


